We discuss the triangle anomalous hydrodynamics in the presence of an external magnetic field B µ . Without loss of generality, we consider the case of a conserved vector current and non-conserved axial current. In order to ensure the positivity of the entropy production rate, two new terms proportional to the magnetic field B µ and the vorticity ω µ , which are associated with the Chiral Magnetic Effect and Chiral Vortical Effect in heavy ion collisions, need to be introduced. The transport coefficients of these new terms are also determined by the entropy principle.
Introduction
Relativistic hydrodynamics [1] [2] [3] [4] is a useful tool for learning about the space-time evolution of the quark gluon plasma (QGP) formed in the experiment at Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory (BNL) (for reviews, see e.g. [5] [6] [7] ). The RHIC data for collective flows have been well described by ideal and dissipative hydrodynamics [8] [9] [10] [11] [12] [13] [14] [15] .
Recently, research from the string/gauge theory (AdS/CFT) duality [16] [17] [18] [19] , hydrodynamics [20] and kinetic approach [21, 22, [29] [30] [31] [32] with a triangle anomaly, have found two new terms associated with this anomaly in first-order dissipative hydrodynamics in the presences of a strong magnetic field B µ . These new terms, proportional to the magnetic field B µ and the vorticity ω µ , are closely related to the so-called Chiral Magnetic Effect (CME) and Chiral Vortical Effect (CVE) in heavy ion collisions [23] [24] [25] [26] . When two energetic nuclei pass each other, a strong magnetic field or large angular momentum will be formed, which breaks local parity via axial anomaly. This effect is suggested to be observed through charge separation [27, 28] . Anomalous hydrodynamics in an external background field can be used to pin down the CME or CVE in real time simulation. In this situation, however, the triangle anomalous term in hydrodynamics breaks the second law of thermodynamics, unless transport coefficients of new terms of vorticity ω µ and magnetic field B µ are fixed by the entropy principle [20, 21] . In this paper, we will study the hydrodynamic with triangle anomaly in a two charge case. Without loss of generality, we consider a conserved vector current and a nonconserved axial current. By using the entropy principle, we obtain the transport coefficients of new terms of vorticity ω µ and magnetic field B µ . We adopt the convention for the metric tensor
Hydrodynamics with triangle anomaly
We consider hydrodynamics in the presence of a background electromagnetic field 
Note here we only discuss our problem in a normal frame used by the kinetic theory [21, 32] . The non-conserved axial current is induced by the quantum triangle anomaly
where C is the anomalous constant. However, the presence of the source term should not influence the energy momentum conservation. From Eqs. (1, 2) , the entropy production rate ∂ µ S µ is found to be negative if the anomalous term E ·B is large enough,
where is the entropy density, T is the temperature, µ and terms are not irreducible quantities, i.e. unlike viscosity and conductivity, these terms are not real dissipative quantities. Finally, we get
In the small µ A /T limit, this is identical to the result of Ref. [24] [25] [26] and also obtained by Ref. [29] [30] [31] . On 
Discussion and conclusion
In this paper, we focus on the study of the relativistic hydrodynamics with triangle anomaly in the presence of an external magnetic field. We consider a conserved vector current µ and a non-conserved axial current µ A . In this case, the conservation equations for the hydrodynamics are given by Eqs. (1,2) . In order to ensure the positive entropy production rate ∂ µS µ , some new terms proportional to the vorticity ω µ and magnetic field B µ have to be introduced. The transport coefficients in these new terms are also obtained in Eq. (7) and Eq. (8) in the Landau frame. In relativistic heavy ion collisions, especially in noncentral collisions, a very strong magnetic field or large angular momentum of the fireball will be induced very early in the collisions. Further study on these effects are planned at RHIC, Large Hadron Collider (LHC), Facility for Antiproton and Ion Research (FAIR) and Nuclotronbased Ion Collider fAcility (NICA).
